Introduction {#S0001}
============

Bone morphogenetic proteins (BMPs) are pleiotropic growth factors that were originally isolated from bone matrix and are involved in inducing cartilage and bone formation \[[@CIT0001]--[@CIT0003]\]. Apart from bone formation, they are also involved in the regulation of several key steps of cell differentiation during embryonic development. Bone morphogenetic proteins are members of the transforming growth factor β (TGF-β) superfamily that are ligands for the SMAD receptor class. The signaling cascade mediated by SMADs is regulated by multiple factors termed BMP inhibitors, such as noggin, chordin, follistatin and gremlin protein, which inhibit BMP activity through ligand sequestering \[[@CIT0004]--[@CIT0007]\] or by dorsomorphin, which acts as a specific inhibitor of the BMP receptor \[[@CIT0008]\]. Besides their critical function in mammalian development, BMPs are engaged in oncogenesis \[[@CIT0009]\]. The mechanism of action of BMPs relies chiefly on their ability to activate invasive pathways via PI3K/AKT or MAPK \[[@CIT0010]\] or by the induction of proliferation \[[@CIT0011]\]. Urothelial carcinoma (UC) cells frequently lose expression of the BMP receptor, which, in consequence, increases production of BMPs by these cells. Secreted BMPs enhance tumor growth in a paracrine manner \[[@CIT0012]\].

Although the overall mortality associated with urinary bladder cancer is currently decreasing, this disease is still a major therapeutic challenge \[[@CIT0013]\]. Urinary bladder cancer affected over 350,000 individuals worldwide and was the cause of 145,000 deaths in 2002 \[[@CIT0014]\]. The 5-year relative survival depends on tumor stage and localization and is 81.7%, 66% and 70.6% when the tumor is located within the bladder, renal pelvis and ureter, respectively \[[@CIT0015]\]. In Poland, according to a recent National Cancer Registry report (2010), urinary bladder cancer is the third and the thirteenth most frequently diagnosed male and female cancer, with the annual number of new cases being 4919 and 1377, respectively. The disease is also the sixth male (2470 deaths) and the fifteenth female (641 deaths) deadliest cancer in Poland \[[@CIT0016]\]. Phenotypic features such as tumor grade, stage and involved lymph nodes are factors that affect survival after radical cystectomy, but their assessment is problematic and time consuming \[[@CIT0017]\]. Therefore, new prognostic factors are sought to increase treatment efficiency by providing alternative treatment modalities for individuals with high or low risk of disease recurrence. Such "tailored" therapy would improve high-risk patients' survival while low-risk patients would not be burdened by unnecessary medical procedures.

Preliminary data have implicated BMP2 and BMP4 as factors that are involved in the development of urothelial carcinoma \[[@CIT0018]--[@CIT0020]\]. Recently, it has been shown that BMP2 expression level correlates with bone metastasis in urothelial bladder cancer \[[@CIT0021]\]. Although there are no reports on BMP7 participation in UC progression to date, it has been shown to be involved in other cancers, and the expression of BMPs has been demonstrated to have a prognostic value in certain neoplastic malignancies \[[@CIT0022]--[@CIT0024]\]. We hypothesized, therefore, that their expression may also be a prognostic biomarker in urothelial carcinoma. Consequently, in this study we evaluated the expression of BMP2, BMP4 and BMP7 in human normal urothelium and in urothelial carcinoma at various stages of tumor development to characterize the relationship between BMP expression and tumor progression, invasiveness and the time to relapse.

Material and methods {#S0002}
====================

Patients and samples {#S20003}
--------------------

The study was approved by the Medical University of Warsaw Ethics Committee, and written informed consent was obtained from all participating patients. One hundred and forty-one patients of the Department of General, Oncologic and Functional Urology of the Medical University of Warsaw who underwent surgical treatment for urothelial carcinoma were recruited to the study. Fragments of transformed epithelium of UC and of healthy transitional epithelium (TE) of the urinary tract, that were excised for medical reasons, were used for the assessment of BMP expression. Epithelial tissue was recovered from solid tumor masses with no underlying muscularis. Tissue was then immersed in RNAlater RNA Stabilization Reagent (Ambion), incubated at 4°C overnight and then stored at --20°C until processing. Only samples that yielded good quality RNA were used for gene expression. The investigators were blinded to the origin of the RNA that was subjected to quality control. A total of 33 TE and 42 UC histologically confirmed specimens were examined. Tumors were staged according to the WHO TNM classification \[[@CIT0025]\]. [Table I](#T0001){ref-type="table"} summarizes the characteristics of the tissue samples, the histopathological evaluation of tumor grades and the TNM stage.

###### 

Summary of tissue sample used in the study. Donor sex: M -- male; F -- female. In some samples grade data were missing

  Parameter                      Healthy urothelium   Urothelial carcinoma
  ------------------------------ -------------------- ----------------------
  Patients:                                           
   Number (M/F)                  33 (14/19)           42 (30/12)
   Age, mean (range) \[years\]   63.4 (26--88)        73.1 (49--91)
  Tissue origin:                                      
   Renal pelvis                  6                    4
   Urinary bladder               8                    37
   Ureter                        19                   1
  Grade:                                              
   G1                            --                   5
   G2                            --                   27
   G3                            --                   8
  TNM:                                                
   pTa                           --                   24
   pT1                           --                   5
   pT2                           --                   3
   pT3                           --                   4
   pT4                           --                   6

RNA isolation and cDNA synthesis {#S20004}
--------------------------------

Total RNA was isolated using TriPure Isolation Reagent (Roche), according to the manufacturer\'s instructions. Reverse transcription was performed using Transcriptor First Strand cDNA Synthesis Kit (Roche) with anchored-oligo(dT)~18~ primers according to the manufacturer\'s protocol. The cDNA template was diluted 10-fold for analysis by real-time PCR.

Real-time polymerase chain reaction {#S20005}
-----------------------------------

Quantitative real-time polymerase chain reactions (RT-PCR) were performed in a 7500 Real Time PCR system (Applied Biosystems). TaqManGene Expression Assays (BMP2 -- Hs00154192_m1, BMP4 --Hs00370078_m1, BMP7 -- Hs00233476_m1, TBP -- 4333769F) and master mix were purchased from Applied Biosystems. Each reaction was carried out in a volume of 20 µl. All samples were tested in duplicate. Non-template control samples were included in each PCR run. BMP gene expression was normalized to expression of TATA box binding protein (TBP) \[[@CIT0026]\]. Samples were considered negative for the expression of a given mRNA when Ct exceeded 35.

Statistical analysis {#S20006}
--------------------

Relative gene expression was assessed by the comparative CT method (ddCT), using DataAssist Software (Applied Biosystems) and Excel (Microsoft). Normalized expression of BMPs in UC was compared to their expression in normal TE; thus the expression of BMPs in TE was always considered as a reference unit valued 1. Statistica software version 9.0 (StatSoft, Tulsa, OK) was used for statistical analysis.

The Mann-Whitney *U* test was employed to compare gene expression among samples. A *p* value \< 0.05 was considered statistically significant. Samples with TNM stage pT1 and higher were classified as invasive urothelial carcinoma. Spearman\'s rank correlation coefficient test was performed for the correlation of BMP expression with TNM stages. Time to recurrence was defined as time from surgical removal of UC to the next surgical intervention caused by relapse of UC or cancer confirmation in cystoscopy. The data obtained were analyzed by the Kaplan-Meier method (StatSoft, Tulsa, OK) and log-rank test (MedCalc).

Results {#S0007}
=======

The analysis of BMP expression in normal TE and cancerous UT (regardless of its grade or stage) revealed that BMP2 and BMP7 were expressed at a similar level in UC and TE (*p* = 0.7 and *p* = 0.94, respectively), while the expression of BMP4 was significantly lower in UC, *p* = 0.001 ([Figure 1A](#F0001){ref-type="fig"}). There was no differences in BMP expression levels in bladder and upper tract samples. The expression of BMPs in cancer samples was then analyzed according to the invasiveness of the tumor determined by histopathological examination ([Figures 1B](#F0001){ref-type="fig"}--[D](#F0001){ref-type="fig"}). This investigation revealed that, in comparison to normal TE, BMP2 was modestly but significantly downregulated in the advanced, invasive stage of the urothelial carcinoma (*p* = 0.04) ([Figure 1B](#F0001){ref-type="fig"}). Similarly, BMP4 was significantly downregulated in non-infiltrating UC (*p* = 0.0002), although in more advanced tumors its expression was comparable to the level present in the normal TE (*p* = 0.13) ([Figure 1C](#F0001){ref-type="fig"}). Quite the opposite modulation was observed in BMP7 expression. This gene was insignificantly upregulated in the non-invasive stage of disease (*p* = 0.12), whereas in the invasive UC its expression was significantly downregulated (*p* = 0.025) ([Figure 1D](#F0001){ref-type="fig"}). These results demonstrate that the expression of BMPs 2, 4 and 7 varies in UC progression, but the pattern of these changes is different for each of the analyzed genes.

![The BMP2, BMP4 and BMP7 expression level relative to healthy transitional epithelium (TE). Comparison between healthy urothelial transitional tissue (*n* = 33, empty bars) and urothelial carcinoma samples (*n* = 42, black bars) (**A**), BMP2 (**B**), BMP4 (**C**) and BMP7 (**D**) relative expression level in healthy TE (*n* = 33, TE), non-invasive urothelial carcinoma (*n* = 24, niUC) and invasive urothelial carcinoma (*n* = 18, iUC)\
Significance of the difference is indicated as follows \*p \< 0.05; \*\*p \< 0.01; Error bars represent SEM.](AMS-11-23973-g001){#F0001}

To determine whether BMP expression status is related to the tumor stage, we analyzed the expression levels of studied genes in various TNM stages ([Figure 2](#F0002){ref-type="fig"}). To assess this relationship, we classified each UC sample into one of 3 groups, pTa, pT1--2 and pT3--4, according to TNM staging \[[@CIT0023]\], and analyzed the BMP status. pT1 and pT2 TNM stages were combined for the analysis, because both are associated with limited invasion, in contrast to the noninvasive stage pTa. No correlation was found between expression of BMP2 or BMP4 and TNM stages ([Figures 2A](#F0002){ref-type="fig"}, [B](#F0002){ref-type="fig"}), although both of these genes showed a different expression pattern in comparison to normal TE ([Figure 1B](#F0001){ref-type="fig"}, [C](#F0001){ref-type="fig"}). In contrast, BMP7 expression was found to be closely related to disease stage. BMP7 was upregulated in the early (pTa) stage and significantly reduced in the more advanced stages, thus achieving a negative correlation with the TNM scale (*r* = --0.42; *p* = 0.005) ([Figure 2C](#F0002){ref-type="fig"}).

![BMP2 (**A**), BMP4 (**B**), BMP7 (**C**) expression at different TNM stages (pTa (*n* = 24), pT1--2 (*n* = 8), pT3--4 (*n* = 10)). Presented values are relative to mean of normal transitional epithelium\
Horizontal lines represent median. r -- Spearman\'s rank correlation coefficient between gene expression and TNM stages; p -- statistical significance.](AMS-11-23973-g002){#F0002}

Lastly, we made an effort to determine whether BMP expression in the transitional epithelium of the resected tumor is correlated with the time to relapse of the tumor. To do this, we followed up the cohort of 24 urinary bladder cancer patients who underwent TURBT. BMP expression was determined in the transitional epithelium resected during the initial operation. Patients were followed up for 12 months from this date ([Figure 3](#F0003){ref-type="fig"}). The median time to recurrence for all cases was 262 days ([Figure 3A](#F0003){ref-type="fig"}). For analysis, patients were divided according to expression of BMP2, BMP4 and BMP7 into individuals in whom the tumor had low (first tertile, dotted line in the figure) or medium-high (second and third tertile, solid line in the figure) gene expression level. As presented in [Figure 3C](#F0003){ref-type="fig"}, BMP4 expression did not correlate with time to recurrence of urothelial carcinoma (*p* = 0.4), whereas the low expression of BMP2 and BMP7 was significantly correlated with a shorter time to tumor relapse (*p* = 0.01 and *p* = 0.03 respectively) ([Figures 3B](#F0003){ref-type="fig"}, [D](#F0003){ref-type="fig"}).

![Kaplan-Meier estimators for UC recurrence probability for all analyzed subjects (*n* = 24) (**A**), BMP2 (**B**), BMP4 (**C**), BMP7 (**D**) Kaplan-Meier estimators for UC recurrence probability respectively\
Dashed line -- low BMP expression, solid line -- medium/high BMP expression. Significance of the differences is indicated (logrank test). +Censored data.](AMS-11-23973-g003){#F0003}

Discussion {#S0008}
==========

Prognostic factors are highly demanded in today\'s medicine, including relatively well-managed diseases, such as urothelial carcinoma. In this study, we tested three candidates for biomarkers of urinary bladder carcinoma progression -- BMP2, BMP4 and BMP7 -- that have previously been shown to be modulated in the course of other cancers although still little is known about their role in the pathogenesis of urinary bladder cancer. To date, the only indication of their involvement in this cancer\'s pathology was a report on BMP2 in metastasis \[[@CIT0019], [@CIT0021]\]. Our preliminary analysis of 42 urothelial carcinoma samples and 33 transitional epithelium samples revealed that expression of BMP2 and 7 is similar in healthy and transformed transitional epithelium. Only BMP4 was significantly downregulated in UC samples. These results, however, did not consider grade or stage of the tumor. In an attempt to find out whether BMPs 2, 4 and 7 modulated the progression of the disease, urinary carcinoma samples were divided into groups of similar stage, and BMP expression was assessed in these groups. We found that BMP2 has an almost stable expression in tumor tissues in all stages of disease progression ([Figures 1A](#F0001){ref-type="fig"}, [B](#F0001){ref-type="fig"}, [2A](#F0002){ref-type="fig"}); hence this protein was not modulated in a way that would directly indicate its involvement in UC development. The expression of the other two BMPs analyzed in our study -- BMP4 and BMP7 -- significantly varied depending on the stage of urothelial carcinoma development. Generally, in comparison to normal TE, the expression of BMP4 was lowered in UC, especially at its early, non-invasive stage ([Figure 1C](#F0001){ref-type="fig"}). These results were consistent with those obtained by Zaravinos *et al*. \[[@CIT0020]\], who reported lowered expression of BMP4 in bladder cancer. The level of BMP4 was not correlated with TNM stages of urothelial carcinoma ([Figure 2B](#F0002){ref-type="fig"}). Analysis of other reports suggests that the relationship between cancer progression and BMP4 expression is disease dependent. In atypical teratoid/rhabdoid tumors, high BMP4 expression was negatively associated with patients' survival \[[@CIT0023]\]. In contrast to this, in gastric adenocarcinoma, BMP4 expression is inversely related to tumor invasiveness and presence of lymph node metastasis \[[@CIT0027]\]. BMP4 was shown to downregulate proliferation and promote cell differentiation in both glioma \[[@CIT0028]\] and medulloblastoma cell lines \[[@CIT0029]\]. In advanced ovarian cancer, high expression of BMP4 was associated with better progression-free and overall survival \[[@CIT0030]\].

The expression of BMP7 in urothelial carcinoma was grade- and stage-dependent. In the early, non-invasive stage, the level of BMP7 was elevated, but in the more advanced and invasive phase of the tumor growth, BMP7 expression had dropped significantly ([Figure 1D](#F0001){ref-type="fig"}). Similarly, in the advanced TNM stages of UC, the level of BMP7 was lowered when compared to the less advanced stages of urothelial carcinoma and to TE. The correlation of BMP7 expression with higher TNM stages in UC was significant (*r* = --0.42; *p* = 0.005); therefore we postulate that this molecule is a good candidate to monitor tumor progression at the molecular level. The principal result of the study comes from the one-year follow-up of 24 patients who underwent TURBT. In these patients BMP expression in the resected urothelial carcinoma was correlated with the time to recurrence during 12 months of observation. In a log-rank test we found no correlation between BMP4 expression and time to urothelial carcinoma relapse ([Figure 3C](#F0003){ref-type="fig"}). In contrast, patients with tumors with low expression of BMP2 or BMP7 had a shorter time to UC relapse in comparison to patients with medium/high expression of these genes ([Figures 3B](#F0003){ref-type="fig"}, [D](#F0003){ref-type="fig"}). This indicates BMP2 and BMP7 as potential biomarkers that could have predictive value in the course of UC. The observation regarding the prognostic value of BMP2 is in concert with the results of Ma *et al*. \[[@CIT0031]\], who found that low BMP2 expression in ovarian cancer was associated with a poor prognosis. Interestingly, in contrast to these findings, high expression of BMP2 was associated with worse prognosis in gastric cancer \[[@CIT0022]\] and glioma \[[@CIT0032]\]. These opposite effects of BMP2 on disease recurrence indicate that the clinically relevant correlation between patients' outcome and BMP2 level is disease-dependent. Our findings on BMP7 as a potential prognostic factor in urothelial carcinoma are similar to those observed in renal cell carcinoma, where BMP7 expression was down-regulated in cancer tissue and a high BMP7 level was a favorable prognostic factor of disease-free and overall survival \[[@CIT0024]\]. Similar to BMP2 and BMP4, the relationship between cancer progression and BMP7 depends on the type of the tumor. In breast cancer, BMP7 expression level not only varies between tumor subtypes (lobular carcinomas and ductal carcinoma) but its expression was associated with accelerated bone metastasis \[[@CIT0033]\]. A similar association between BMP7 and poor prognosis or higher aggressiveness of the tumor was observed in colorectal \[[@CIT0034]\] and gastric \[[@CIT0035]\] cancers. Although our observations are limited by the small number of participating patients and need to be validated in broader studies, the data presented here suggest that BMP2 and BMP7 are promising candidates for biomarkers useful for evaluation of recurrence risk in urothelial carcinoma.

In conclusion, BMP2, BMP4 and BMP7 expression in UC tumor fluctuate in progression of this cancer. Low levels of BMP2 and BMP7 in tumor tissue were associated with shorter time to relapse, and hence can be considered as prognostic factors in UC.
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